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PATENT APPLICATION

SYSTEM HAVING NON-INTRUSIVE FLUID SENSOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of E.P. Application No. EP18306127 4,
entitled "SYSTEM HAVING NON-INTRUSIVE FLUID SENSOR," filed Aug. 21,

2018, the disclosure of which is hereby incorporated herein by reference.

BACKGROUND

[0001] The production of hydrocarbons, such as oil and gas, involves the drilling
of wells into hydrocarbon bearing geologic formations. In general, a wellbore is drilled
and a completion system is deployed downhole into the wellbore to facilitate production
of the desired wellbore fluids. Depending on the characteristics of a given geologic
formation, varying amounts of water may be produced with the hydrocarbon fluid, e.g.
oil. Knowledge regarding the amount of water mixed in the overall well fluid being
produced can be useful in optimizing production. For example, detection of increasing
water content from certain well zones along the completion system may be an indication
of potential problems associated with continued production at the same well zone flow

rates.

SUMMARY

[0002] In general, a system and methodology are provided to facilitate

nonintrusive monitoring of a fluid, e.g. monitoring a fluid constituent within an overall
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fluid flow. For example, the system and methodology may be used downhole to monitor
the volume fraction of water and/or other fluid constituent in a produced well fluid.
According to an embodiment, a sensor system is combined with a component, e.g. a well
component, having a flow passage for receiving a fluid flow. At least a portion of the
fluid flow moves through the sensor system which comprises an electrode arrangement
for monitoring the fluid flow. For example, the sensor system may comprise a main
electrode, a guard electrode, and an insulator to isolate the main electrode and the guard
electrode. The main electrode and the guard electrode are oriented circumferentially
around the fluid flow so as to obtain capacitance data on the fluid flowing through the
sensor system. The capacitance data may be processed to determine the fraction of a
specific constituent within the fluid flow, e.g. to determine the volume fraction of water

in inflowing well fluid.
[0003] However, many modifications are possible without materially departing
from the teachings of this disclosure. Accordingly, such modifications are intended to be

included within the scope of this disclosure as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Certain embodiments of the disclosure will hereafter be described with
reference to the accompanying drawings, wherein like reference numerals denote like
elements. It should be understood, however, that the accompanying figures illustrate the
various implementations described herein and are not meant to limit the scope of various

technologies described herein, and:

[0005] Figure 1 is a schematic illustration of an example of a well system
deployed in a wellbore and having a sensor system for monitoring a fluid characteristic in
a fluid flow, e.g. a water fraction in the fluid flow, according to an embodiment of the

disclosure;
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[0006] Figure 2 is a schematic illustration of another example of a well system
deployed in a wellbore and having a sensor system for monitoring a fluid characteristic in

a fluid flow, according to an embodiment of the disclosure;

[0007] Figure 3 is a schematic illustration of another example of a well system
deployed in a wellbore and having a sensor system for monitoring a fluid characteristic in

a fluid flow, according to an embodiment of the disclosure;

[0008] Figure 4 is a schematic illustration of another example of a well system
deployed in a wellbore and having a sensor system for monitoring a fluid characteristic in

a fluid flow, according to an embodiment of the disclosure;

[0009] Figure 5 is a schematic illustration of another example of a well system
deployed in a wellbore and having a sensor system for monitoring a fluid characteristic in

a fluid flow, according to an embodiment of the disclosure;

[0010] Figure 6 is a cross-sectional illustration of an example of a sensor system

disposed in a tubing, according to an embodiment of the disclosure;

[0011] Figure 7 is a cross-sectional illustration of an example of the sensor
system illustrated in Figure 6 and taken along a plane cutting through a main electrode
and a guard electrode used in the sensor system, according to an embodiment of the

disclosure;

[0012] Figure 8 is a graphical illustration providing graphs of capacitance data
measured by the sensor system versus water volume fraction, the data being obtained
with a guard electrode and without a guard electrode, according to an embodiment of the

disclosure;

[0013] Figure 9 is a graphical illustration providing graphs of capacitance data

measured by the sensor system versus longitudinal length of the sensor system, the data
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being obtained with a guard electrode and without a guard electrode, according to an

embodiment of the disclosure;

[0014] Figures 10A and 10B are a cross-sectional illustrations of an example of
the sensor system in which the main electrode is separated into a plurality of segmented
electrodes, e.g. three segmented electrodes, according to an embodiment of the

disclosure;

[0015] Figure 11 is an illustration of an example of the sensor system utilizing a
main electrode having three annular segmented electrodes combined with a guard

electrode between inner and outer sleeves, according to an embodiment of the disclosure;

[0016] Figure 12 is an illustration providing an orthogonal view of the main
electrode formed of three annular segmented electrodes, according to an embodiment of

the disclosure;

[0017] Figure 13 is a schematic cross-sectional illustration of an example of the
sensor system coupled with a control line for carrying data and/or power, according to an

embodiment of the disclosure; and
[0018] Figure 14 is another schematic cross-sectional illustration of an example

of the sensor system coupled with the control line for carrying data and/or power,

according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0019] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be

understood by those of ordinary skill in the art that the system and/or methodology may
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be practiced without these details and that numerous variations or modifications from the

described embodiments may be possible.

[0020] With respect to certain embodiments of the present disclosure, a system
and methodology are provided to facilitate nonintrusive monitoring of a fluid, e.g.
monitoring a fluid constituent within an overall fluid flow. For example, the system and
methodology may be used downhole to monitor the volume fraction of water and/or other
fluid constituent in a produced well fluid. In a variety of well applications, the well fluid
contains a mixture of oil, water and gas. The system and methodology described herein
enable continual measurement of the water fraction (or other fluid constituent fraction) as
the well fluid travels through a tubing, e.g. a pipe. By way of example, the sensor system
may be used to measure capacitance between plates and the capacitance data may be used

to infer a dialectic property of the fluid such as a volume fraction of water.

[0021] According to an embodiment, a sensor system is combined with a
component, e.g. a well component, having a flow passage for receiving a fluid flow. At
least a portion of the fluid flow moves through the sensor system which comprises an
electrode arrangement for monitoring the fluid flow. By way of example, the sensor
system may comprise electrodes disposed in a wall of a pipe to obtain capacitance data as
fluid moves through the pipe. The capacitance data may then be used to infer a dielectric

property of the fluid such as a volume fraction of water.

[0022] In some embodiments, the sensor system may comprise a main electrode,
a guard electrode, and an insulator to isolate the main electrode and the guard electrode.
The main electrode and the guard electrode are oriented circumferentially around the
fluid flow so as to obtain capacitance data on the fluid flowing through the sensor system.
The capacitance data may then be processed to determine the fraction of a specific
constituent within the fluid flow, e.g. to determine the volume fraction of water in a well
fluid flow. For some applications, additional data may be obtained by using segmented,

circumferential electrodes to monitor the flowing fluid.
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[0023] The sensor system may be incorporated into tubing to provide a non-
intrusive, e.g. flush-mounted, sensor structure. This type of structure provides a sensor
which is more immune to erosion which can otherwise occur due to fluid born particles
in, for example, produced well fluid. As a result, the sensor system may be used in many
types of downhole well applications and other applications in which particulates may be
contained in a flowing fluid. The sensor system configuration also allows the sensor

system to operate at higher flow velocities.

[0024] Referring generally to Figure 1, an example of a well system 30 is
illustrated as deployed in a borehole 32, e.g. a wellbore, drilled into a geologic formation
34. The well system 30 may be in the form of a completion system comprising a well
string section 36 having a main tubing 38, e.g. a production tubing, disposed in borehole
32. The main/production tubing 38 may be used for producing a well fluid to the surface.
In the illustrated embodiment, the well system 30 also comprises a side pocket tube 40
disposed along the main tubing 38. A sensor system 42 is positioned along the side
pocket tube 40 and comprises a sensor 44 arranged circumferentially about the tube 40.

It should be noted the sensor 44 may be used along various types of tubes employed in

many types of well systems 30 or other types of systems.

[0025] As fluid flows from formation 34 (see arrows 46) it enters borehole 32 and
then moves into side pocket tube 40. The flowing fluid moves along an interior 48 of
side pocket tube 40 and through the interior of sensor 44 before being directed into an
interior 50 of main tubing 38 via a passageway 52. The fluid flow through sensor 44 and
into interior 50 is illustrated by arrow 54. In some embodiments, a restriction mechanism
56, such as the illustrated choke 58, may be used to control the amount of fluid allowed
to flow through passageway 52. For example, the choke 58 may be selectively actuated
between a fully closed and a fully open flow position so as to provide control over the
amount of fluid flowing from formation 34 and into main tubing 38 at this particular

section of the well string 36.
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[0026] With additional reference to Figure 2, the well system 30 also may
comprise a cable 60, such as an electrical cable, routed from the surface down to
components of well system 30. In the example illustrated, cable 60 is an electrical cable
coupled with an electronics cartridge 62. The electronics cartridge 62 may be part of
sensor system 42 and may be operatively coupled with sensor 44 to, for example, receive
data from sensor 44. However, the electronics cartridge 62 also may be coupled with
restriction mechanism 56 and may be configured to control actuation of restriction
mechanism 56 based on inputs from a surface control system or other type of control

system.

[0027] Accordingly, the electrical cable 60 may be coupled with sensor system 42
and sensor 44 as well as restriction mechanism 56. By way of example, the electrical
cable 60 may be used to convey data from sensor 44 to the surface control system or
other suitable data processing system. The electrical cable 60 may be used to carry data
and/or power signals to and/or from downhole components such as sensor 44 and
electronics cartridge 62. It should be noted the cable 60 may comprise other types of
cables, such as optical fiber cables, hybrid cables, or other suitable cables for carrying

data and/or power.

[0028] Referring generally to Figure 3, some embodiments of well system 30 may
comprise a plurality of sensors 44 positioned at different locations along the well system
30. For example, sensors 44 may be positioned along tubular structures at different well
zones 64 disposed along borehole 32. In the illustrated example, a plurality of the side
pocket instrumented tubes 40 are positioned along the main tubing 38 to control inflow of

well fluid 54 from the different individual well zones 64.

[0029] The well system 30 also may comprise an isolation device or isolation
devices 66 positioned between well zones 64. For example, the illustrated isolation
device 66 may comprise a packer 68 disposed about main tubing 38 and expanded into
sealing engagement with a surrounding borehole wall of wellbore 32 so as to isolate the

two illustrated well zones 64 from each other. In some embodiments, the borehole 32
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may be cased with a suitable casing 70, as illustrated in Figure 4. A plurality of
perforations 72 may be formed through the casing 70 and into the surrounding formation
34 to facilitate flow of well fluid 46, 54 from the formation 34 and into interior 50 of

main tubing 38.

[0030] Depending on the parameters of a given production operation or other
downhole application, the sensor or sensors 44 may be positioned along a variety of
tubular structures. As illustrated in Figure 5, for example, the sensor 44 may be
circumferentially positioned along main tubing 38 to monitor a flow of fluid 74 along the
tubing interior 50. In this embodiment, the electronics cartridge 62 may be positioned
along main tubing 38 and coupled with sensor 44 to obtain and relay sensor data via
electrical cable 60. A suitable packer 68, e.g. a production packer or other isolation
device, may be positioned between main tubing 38 and, for example, surrounding casing

70 so as to ensure flow of fluid into the interior 50 and through sensor 44.

[0031] Referring generally to Figure 6, an embodiment of sensor system 42 is
illustrated as comprising sensor 44, having a length (L), disposed in a wall 76 forming a
tubing 78. The tubing 78 may be in the form of main tubing 38, side pocket instrumented
tube 40, or another type of tubing used in well system 30 or other fluid flow system. In
this example, the sensor 44 is disposed in a recess 80 formed in wall 76 and is flush
mounted within an interior surface 82 of the tubing 78. Additionally, the sensor 44 may
comprise a main electrode 84, a guard electrode 86, and an insulator 88 encapsulating the
main electrode 84 and the guard electrode 86. By way of example, the tubing 78 may be
conductive and the two electrodes 84, 86 may be enclosed with a ceramic material which
may comprise at least part of insulator 88. In some embodiments, the guard electrode 86

may have a greater longitudinal length than the main electrode 84, as illustrated.

[0032] As further illustrated in Figure 7, the main electrode 84 and the guard
electrode 86 may be circumferential electrodes extending along the circumference of
tubing 78. In some embodiments, the main electrode 84 and/or guard electrode 86 may

extend a portion of the distance along the circumference of tubing 78. Additionally, at
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least one of the electrodes, e.g. main electrode 84, may be segmented and have a plurality
of segments which extend along portions of the pipe circumference. In the illustrated

example, the main electrode 84 and the guard electrode 86 are concentric.

[0033] The structure of sensor 44 enables use of sensor 44 in measuring
capacitance related to a fluid flowing therethrough. The capacitance data can be
processed to determine a constituent fraction in the surrounding fluid, e.g. a water volume
fraction. For example, the sensor 44 may be in the form of a water cut probe which
measures capacitance of the flowing fluid and relates this to the water volume fraction of

the fluid.

[0034] The capacitance measured is directly related to the permittivity of the fluid
mixture. A mixing law may be employed to infer the water volume fraction from the
mixture permittivity. Various mixing laws are available for different types of fluid
mixtures. In many types of downhole applications, a mixing law may be selected which

is applicable to homogeneous mixtures of water droplets in oil for well mixed cases.

[0035] According to an example, a sinusoidal voltage (real) may be applied, via
the electronics cartridge 62, on the guard electrode 86 and the main electrode 84 and zero
potential on the pipe/tubing 78. The current in the main electrode 84, ¢, is measured. The
capacitance between the main electrode 84 and the pipe/tubing 78 may be determined
from the equation:

i

e
2R

This capacitance can be considered as comprised of two capacitors in series, one for the
insulator 88, e.g. ceramic, and one for a fluid 90 flowing along the interior, e.g. interior

48 or 50, as follows:
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Crrsg 18 proportional to the permittivity of the oil-water mixture. So for a homogeneous
mixture:

{,f‘ i — &Y

< .
BRET ARSI SroRnizturs

The permittivity of the mixture is related to the water volume fraction. So we can express

water volume fraction given the measured capacitance.

[0036] By way of example, the capacitive based water cut sensor 44 may be used
when the fluid mixture is oil continuous. This state occurs up to about 30% water
volume fraction. Application above this volume fraction also is possible but may
introduce additional uncertainties due to variabilities in the transition point between oil

and water continuous mixtures.

[0037] Referring generally to Figure 8, a graphical example is provided to
illustrate capacitance between the main electrode 84 and the tubing/pipe 78 as a function
of water volume fraction (f) in the oil. In this example, the longitudinal length (L) of the
sensor 44 is 10 mm. For comparison, the graphs of Figure 8 illustrate the capacitance
between the main electrode 84 and the tubing/pipe 78 with guard electrode 86 included in
the sensor 44 and without the guard electrode 86.

[0038] As the length (L) of the sensor 44 changes, the measured capacitance also
changes as illustrated graphically in Figure 9. In this example, the measured capacitance
is shown to change substantially in sensors 44 having lengths ranging from 0.01 meters to
0.03 meters. For comparison, the graphs of Figure 9 illustrate the capacitance between
the main electrode 84 and the tubing/pipe 78 with guard electrode 86 included in the
sensor 44 and without the guard electrode 86. It should be noted the measured
capacitance also changes as the length of the main electrode 84 is increased or decreased
relative to the overall length of sensor 44. The overall length of sensor 44 as well as the
lengths of sensor components, e.g. main electrode 84, can be optimized for specific

applications.

10
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[0039] Referring generally to Figures 10A and 10B, the sensor 44 also may be
constructed in the form of a circumferentially segmented sensor. For example, the main
electrode 84 may be divided into a plurality of segments 92 each extending
circumferentially along a portion of the circumference of tubing 78. In the example
illustrated, the main electrode 84 has been divided into three segments 92 and guard
electrode 86 has been formed as one continuous electrode extending along the
circumference of tubing 78. The segmenting of main electrode 84 enables monitoring of
fluid 90 at different levels within the interior of tubing 78 regardless of the rotational
orientation of tubing 78. In other words, the sensor 44 may be constructed so as to be
insensitive to installation orientation. Additionally, forming the main electrode 84 with a
plurality of segments 92 enables accurate interpretation of water fraction in non-
homogeneous mixtures. The sensor 84 may be used to measure volume fraction in, for

example, stratified and mixed oil-water flow regimes.

[0040] In the example illustrated, the fluid 90 includes a water volume fraction 94
of approximately 3 = 0.1 (10%) disposed at a bottom or 0° orientation along the third
electrode segment 92 of the main electrode 84. For the purpose of explanation, various
examples are provided with different water fractions 94 located at different
circumferential orientations along the electrode segments 92. The other circumferential

orientations are provided in degrees from 0° (bottom) in the counterclockwise direction.

[0041] In this description, the upper right electrode segment 92 is the first
electrode segment and the capacitance between the first electrode segment and the tubing
78 is labeled Ci; the upper left electrode segment 92 is the second electrode segment and
the capacitance between the second electrode segment and the tubing 78 is labeled C»;
and the bottom electrode segment 92 is the third electrode segment and the capacitance

between the third electrode segment and the tubing 78 is labeled Cs.

[0042] Furthermore the three electrode segments 92 of main electrode 84 are
combined with a single guard electrode 86 and the sensor length (L) is 10 mm. In this

example, the electrodes are electrically excited with 1 V simultaneously and the

11



WO 2020/041398 PCT/US2019/047385

capacitances are measured between each electrode segment 92 and the tubing 78 to
obtain Ci, C; and C3. For a homogeneous mixture with 3 = 0.1, the capacitance values
for C1, Cz, Cs are equal to 2.30pF. For a stratified mixture with 3 = 0.1 and the
circumferential orientation of water fraction 94 at 0° (see Figure 10A), the capacitance
values are: C1=2.18pF; C>=2.19pF; C3=17.08pF. If, however, the circumferential
orientation of the water fraction 94 relative to electrode segments 92 is at 60° (see Figure
10B), the capacitance values are: C1=9.12pF; C,=2.15pF; C3=9.31pF.

[0043] Additionally, for a homogeneous mixture with 3 = 0.3, the capacitance
values for Ci1, Cz2, Cs are equal to 2.89pF. For a stratified mixture with 3 = 0.3 and the
circumferential orientation of water fraction 94 at 0°, the capacitance values are: C1=
3.79pF; C2=3.80pF; C3=19.89pF. If, however, the circumferential orientation of the
water fraction 94 relative to electrode segments 92 is at 60°, the capacitance values are:
C1= 12.95pF; C2=2.17pF, C3= 13.14pF.

[0044] The following table provides various examples of capacitance values
measured by sensor 44 for various mixed/homogeneous and stratified mixtures at various

rotational/circumferential positions within the tubing 78.

B State of mixture C1 [pF] C: [pF] Cs [pF]

0.1 mixed 2.29 2.30 2.30
0.1 stratified O deg 2.18 2.19 17.08
0.1 stratified 30 deg 4.59 2.17 13.89
0.1 stratified 60 deg 9.12 2.15 931
0.1 stratified 90 deg 13.62 2.17 4.58
03 mixed 2.89 2.89 2.90
0.3 stratified O deg 3.79 3.80 19.89
03 stratified 30 deg 8.40 2.19 17.77
03 stratified 60 deg 12.95 2.17 13.14
03 stratified 90 deg 17.51 2.19 8.40

[0045] For each orientation and state of mixture, an effective capacitance equal to

the capacitance that would exist if the fluid was perfectly mixed can be determined by

12
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employing a look-up table for Ci1, Cz, C3 as a function of orientation of stratified layer
and water volume fraction or by employing a curve fitted equation. An example of a

curve fitted equation is the following second order formula:

‘ﬂr:‘z -

T

[0046] The table below shows the % error due to use of the above formula curve
fitted with a large amount of points. As can be seen, the interpretation error in stratified
flows is low with less than 8% in the worst case. This error can be improved by

employing either look-up tables or higher order fits.

B State of mixture Lerr = Lorrmined 100
{:'€ Ff mized
0.1 | stratified O deg 131
0.1 | stratified 30 deg 0.40
0.1 | stratified 60 deg 547
0.1 | stratified 90 deg 0.40
0.3 | stratified O deg 7.67
0.3 | stratified 30 deg 4.90
0.3 | stratified 60 deg 3.75
0.3 | stratified 90 deg 4.90
[0047] Referring generally to Figures 11 and 12, another embodiment of sensor

44 in sensor system 42 is illustrated. In this example, the main electrode 84 comprises a
plurality of electrode segments 92, e.g. three electrode segments, disposed at a position

radially within a single guard electrode 86. The electrodes 84, 86 are positioned within

13
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recess 80 of tubing 78 and effectively bounded by an outer metal sleeve 96 (which is the
radially outer portion of tubing 78) and an inner insulating sleeve 98, e.g. a ceramic
sleeve. The ceramic insulating sleeve 98 may be used to provide resistance to erosion
and corrosion as fluid 90 flows therethrough. The insulating sleeve 98 may be part of the
overall insulator 88 encapsulating the main electrode 84 and guard electrode 86. In this
example, each of the electrode segments 92 comprises a connector tab 100 (see Figure
12) which may be routed to a common location for electrical connection with electronics

cartridge 62.

[0048] As illustrated in Figures 13 and 14, for example, the connector tabs 100 of
electrode segments 92 as well as guard electrode 86 may be connected to electrical
conductors 102, e.g. wires, which are routed through a bulkhead 104. The electrical
conductors 102 may be electrically coupled with electronics cartridge 62 via a control
line 106, e.g. a shielded, jacketed twisted triples cable, coupled with bulkhead 104. The
electronics cartridge 62 may, in turn, be coupled with a suitable processing system 108
via communication line 60. Processing system 108 may be located at the surface or at
another suitable location. By way of example, the processing system 108 may be a
computer-based control system. Capacitance data obtained via sensor 44 is processed via
the processing system 108, as described above for example, to determine a constituent

fraction, e.g. a water fraction, in the fluid 90 flowing through tubing 78.

[0049] The sensor system 42 and sensor 44 may have various configurations for
use in a variety of applications. With additional reference to Figure 13, an embodiment
of sensor system 42 may comprise main electrode 84 and guard electrode 86 disposed in
recess 80 which is lined with a protective body 110, e.g. a body formed of Inconel® or
other suitable material. The bulkhead 104 is disposed through protective body 110.
Additionally, the protective body 110 is filled with an insulation material, e.g. an epoxy,
and bounded on the radially inward side via insulating sleeve 98, e.g. a ceramic (zirconia)

insulating sleeve, to form part of the insulator 88 encapsulating electrodes 84, 86.

14
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[0050] In embodiments described herein, the guard electrode 86 is used to focus
the current emanating from the main electrode 84, e.g. main electrode segments 92, into
the fluid 90. The guard electrode 86 removes the effective capacitance between the main
electrode 84 and the exterior of tubing 78. As the longitudinal sensor length (L) is
increased and the longitudinal length of the main electrode is maintained at, for example,
2 mm, the capacitance level decreases; the relative change in capacitance as a function of
water volume fraction f3 increases; and the absolute change in capacitance as a function
of B decreases. For a given length L, e.g. 30 mm, and as the longitudinal length of the
main electrode 84 is increased from, for example, 2 mm to 22 mm, the capacitance level
increases; the relative change in capacitance as a function of 3 decreases; and the
absolute change in capacitance as a function of 3 increases. It should be noted the
lengths provided are given as examples to facilitate explanation of the operation of sensor
system 42 and should not be construed as limiting. The sensor 44 and electrodes 84, 86
may have various lengths and sizes depending on the parameters of a given application.
Additionally, the electrodes 84, 86 may be made of copper or other suitable, conductive

materials.

[0051] Dividing the main electrode 84 into three segments 92 and then measuring
the individual capacitances between each segment 92 and the tubing 78 enables
interpretation of the distribution of relative permeability in the pipe cross-section. The
three segments 92 may each cover 120° of the circumference of tubing 78 or another
suitable portion of the circumference for a given application. As described above, for the
case of fully stratified fluid flows it is possible to determine an effective capacitance
equal to the capacitance that would occur if the fluid mixture was homogeneous. With
the aid of a second order polynomial, this effective capacitance can be determined to
within about 8.0%. Higher order formulae or look-up tables can provide even better

interpretation.

[0052] The sensor system 42 may be used in many types of well applications.
For example, sensors 44 may be used along instrumented tubes disposed in sequential

well zones. However, individual or plural sensors 44 may be used along various tubular
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members, including production tubing, to monitor characteristics, e.g. water fraction, of
fluid flowing therethrough. Additionally, various types of processing/control systems

may be used to process capacitance data obtained from the sensor or sensors 44.

[0053] Although a few embodiments of the disclosure have been described in
detail above, those of ordinary skill in the art will readily appreciate that many
modifications are possible without materially departing from the teachings of this
disclosure. Accordingly, such modifications are intended to be included within the scope

of this disclosure as defined in the claims.
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CLAIMS

What is claimed is:

A system for use in a well, comprising:

a completion system deployed in a wellbore and having an internal flow
path through which a well fluid is produced,;

a sensor system comprising a pipe through which at least a portion of the
well fluid flows and a sensor having a main electrode; a guard electrode; and an
insulator encapsulating the main electrode and the guard electrode, the main
electrode, the guard electrode, and the insulator being disposed in a wall of the
pipe circumferentially about the pipe; and

a processing system coupled to the sensor system to obtain capacitance
data from the sensor, the capacitance data being processed via the processing

system to determine a fraction of water in the well fluid.

The system as recited in claim 1, wherein the main electrode and the guard

electrode extend continuously along the entire circumference of the pipe.

The system as recited in claim 1, wherein the main electrode is segmented along

the circumference of the pipe.

The system as recited in claim 1, wherein the main electrode, the guard electrode,
and the insulator are disposed in a recess formed in an inner wall surface of the
pipe such that the sensor is flush mounted with the inner wall surface.

The system as recited in claim 1, wherein the main electrode comprises copper.

The system as recited in claim 1, wherein the guard electrode comprises copper.

17
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10.

11.

12.

13.

14.

15.

The system as recited in claim 1, wherein the insulator comprises a ceramic

material.

The system as recited in claim 1, wherein the main electrode and the guard

electrode are formed as concentric rings.

The system as recited in claim 8, wherein the guard electrode has a greater

longitudinal length than the main electrode.

The system as recited in claim 3, wherein the main electrode comprises three

segments extending circumferentially within the wall of the pipe.

A system, comprising;

a well component having a flow passage for receiving a fluid flow; and

a sensor system through which at least a portion of the fluid flow is
directed, the sensor system comprising a main electrode and a guard electrode
oriented circumferentially around the fluid flow, the main electrode and the guard

electrode being isolated via an insulator to enable monitoring of capacitance.

The system as recited in claim 11, wherein the main electrode and the guard

electrode are disposed in a recess formed within a pipe.

The system as recited in claim 12, wherein the main electrode extends

continuously along the entire circumference of the pipe.

The system as recited in claim 12, wherein the main electrode is segmented along

the circumference of the pipe.

The system as recited in claim 11, wherein the well component is coupled into a

downhole well system.

18
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16.

17.

18.

19.

20.

The system as recited in claim 15, further comprising a processing system
coupled to the sensor system to obtain capacitance data from the sensor system,
the capacitance data being processed via the processing system to determine a

fraction of water in the fluid flow.

A method, comprising:

embedding a main electrode, a guard electrode, and an insulator in a wall
of a pipe and along a circumference of the pipe to form a sensor;

deploying the pipe downhole into a borehole;

enabling flow of a downhole fluid through the pipe;

using the main electrode and the guard electrode to obtain capacitance
data as the downhole fluid flows through the pipe; and

processing the capacitance data to determine a water fraction in the

downhole fluid.

The method as recited in claim 17, wherein deploying comprises deploying the

sensor downhole with a well fluid production completion.
The method as recited in claim 17, wherein embedding comprises embedding the
main electrode and the guard electrode in the form of rings extending along the

entire circumference of the pipe.

The method as recited in claim 17, wherein embedding comprises embedding the

main electrode in segments along the circumference of the pipe.
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